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(57) A display device according to the present 
invention comprises a clock generation circuit for gener- 
ating sampling clocks, whose frequency is variable, on 
the basis of a horizontal synchronizing signal of an input 
image signal, an analog-to-digital converter for sam- 
pling the input image signal on the basis of the sampling 
clocks generated from the clock generation circuit, cal- 
culation means for calculating the number of sampling 
clocks outputted from a horizontal image start position 



FIG. 2 



to a horizontal image end position in image data output- 
ted from the analog-to-digital converter, comparison 
means for comparing the number of sampling clocks 
calculated by the calculation means with a previously 
set value, and control means for controlling the fre- 
quency of the sampling clocks outputted from the clock 
generation circuit on the basis of the results of the com- 
parison in the comparison means. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

[0001 ] The present invention relates generally to a dis- 
play device, and particularly, to a liquid crystal display 
device capable of suitably displaying an image irrespec- 
tive of the total number of dots in a horizontal period of 
an input image signal. 

Description of the Prior Art 

[0002] In a liquid crystal display device, one of dots 
represented by dot data of an input image signal and 
one of pixels composing a liquid crystal panel are syn- 
chronized with each other in one horizontal scanning 
period, to display an image. Line data representing one 
horizontal scan line out of an arbitrary number of line 
data in one vertical scanning period of the input image 
signal is displayed in correspondence with one line in 
the vertical direction of the liquid crystal panel. The line 
data is a set of dot data. 

[0003] In recent years, computers with a large variety 
of specifications have been fabricated. An image signal 
shown in Fig. 6 and an image signal shown in Fig. 7 dif- 
fer in the total number of dots in a horizontal period 
(hereinafter referred to as the total of horizontal dots) , 
for example, even if they are XGA (Extended Graphic 
Array) image signals outputted from various types of 
computers. In the XGA image signals, the respective 
total numbers of dots within an image effective period in 
the horizontal period (hereinafter referred to as the 
number of horizontal effective dots) are common. That 
is, the number of horizontal effective dots of the XGA 
image signal is 1024. The position where the image 
effective period starts shall be referred to as a horizontal 
image start position, and the position where the image 
effective period ends shall be referred to as a horizontal 
image end position. 

[0004] Sampling clocks for sampling 1024 dots within 
the image effective period in the horizontal period of the 
inputted XGA image signal are generated on the basis 
of a horizontal synchronizing signal of the inputted XGA 
image signal. Consequently, a method of generating the 
sampling clocks must be changed depending on the 
total of horizontal dots of the inputted XGA image sig- 
nal. Therefore, it is necessary to recognize the total of 
horizontal dots of the inputted XGA image signal in 
order to generate the sampling clocks. 
[0005] Conventionally, a table storing the total of hori- 
zontal dots has been prepared for each of types of XGA 
image signals, the type of the XGA image signal is 
judged from the characteristics of the XGA image signal 
inputted from the computer, and the total of horizontal 
dots corresponding to the judged type is selected from 
the table, thereby recognizing the total of horizontal dots 



of the inputted XGA image signal. However, this method 
cannot cope with the XGA image signal generated by a 
computer with a new specification. 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide 
a display device capable of generating suitable sam- 
pling clocks with respect to a plurality of types of image 
signals whose respective numbers of horizontal effec- 
tive dots have been known and whose respective totals 
of horizontal dots differ from each other and therefore, 
capable of displaying a suitable image with respect to a 
plurality of types of image signals whose respective 
numbers of horizontal effective dots have been known 
and whose respective totals of horizontal dots differ 
from each other. 

[0007] A first display device according to the present 
invention is characterized by comprising a clock gener- 
ation circuit for generating sampling clocks, whose fre- 
quency is variable, on the basis of a horizontal 
synchronizing signal of an input image signal; an ana- 
log-to-digital converter for sampling the input image sig- 
nal on the basis of the sampling clocks generated from 
the clock generation circuit; calculation means for calcu- 
lating the number of sampling clocks outputted from a 
horizontal image start position to a horizontal image end 
position in image data outputted from the analog-to-dig- 
ital converter, comparison means for comparing the 
number of sampling clocks calculated by the calculation 
means with a previously set value; and control means 
for controlling the frequency of the sampling clocks out- 
putted from the clock generation circuit on the basis of 
the results of the comparison in the comparison means. 
[0008] An example of the clock generation circuit is 
one comprising a voltage control oscillator for outputting 
the sampling clocks, a frequency divider for dividing the 
frequency of the sampling clocks outputted from the 
voltage control oscillator, phase detection means, to 
which an output signal from the frequency divider and 
the horizontal synchronizing signal of the input jmage 
signal are inputted, for outputting a detection signal cor- 
responding to the phase difference between both the 
inputted signals, and filter means for integrating the 
detection signal outputted from the phase detection 
means, to output the integrated detection signal to the 
voltage control oscillator. In this case, the frequency 
division ratio of the frequency divider is controlled by the 
control means. 

[0009] An example of the calculation means is one 
comprising a detection circuit for respectively detecting 
the position where the horizontal image starts and the 
position where the horizontal image ends on the basis 
of the data outputted from the analog-to-digital con- 
verter, a counter for calculating the number of first sam- 
pling clocks outputted from the clock generation circuit 
from the timing at which the horizontal synchronizing 
signal of the input image signal is outputted to the post- 
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tion, where the horizontal image starts, detected by the 
detection circuit and the number of second sampling 
clocks outputted from the clock generation circuit from 
the timing at which the horizontal synchronizing signal 
of the input image signal is outputted to the position, 
where the horizontal image ends, detected by the 
detection circuit, and a subtractor for subtracting the 
number of first sampling clocks from the number of sec- 
ond sampling clocks. 

[0010] An example of the comparison means is one 
for comparing the number of sampling clocks calculated 
by the calculation means with the number of horizontal 
effective dots of the input image signal previously set 
and a number larger by one than the number of horizon- 
tal effective dots, to output a first judgment signal 
depending on whether the number of sampling clocks 
calculated by the calculation means coincides with 
either the number of horizontal effective dots of the input 
image signal or the number larger by one than the 
number of horizontal effective dots or coincides with nei- 
ther of them, and output a second judgment signal 
dependent on whether the number of sampling clocks 
calculated by the calculation means is smaller than the 
number of horizontal effective dots of the input image 
signal or the number larger by one than the number of 
horizontal effective dots. 

[0011] An example of the control means is an up- 
down counter respectively receiving a vertical synchro- 
nizing signal of the input image signal as a clock, the 
first judgment signal from the comparison means as an 
enable signal, and the second judgment signal from the 
comparison means as an up-down control signal, and 
having a predetermined default value preset therein. 
[0012] The up-down counter inhibits a clock counting 
operation when the first judgment signal indicates that 
the number of sampling clocks calculated by the calcu- 
lation means coincides with either the number of hori- 
zontal effective dots of the input image signal or the 
number larger by one than the number of horizontal 
effective dots, while performing an up-counting opera- 
tion every time the vertical synchronizing signal is input- 
ted when the second judgment signal indicates that the 
number of sampling clocks calculated by the calculation 
means is smaller than the number of horizontal effective 
dots of the input image signal, and performing a down- 
counting operation every time the vertical synchronizing 
signal is inputted when the second judgment signal indi- 
cates that the number of sampling clocks calculated by 
the calculation means is larger than the number which is 
larger by one than the number of horizontal effective 
dots of the input image signal. The frequency of the 
sampling clocks outputted from the clock generation cir- 
cuit is controlled on the basis of a count value of the up- 
down counter. 

[0013] A second display device according to the 
present invention is characterized by comprising a clock 
generation circuit for generating sampling clocks, 
whose frequency is variable, on the basis of a horizontal 



synchronizing signal of an input image signal; an ana- 
log-to-digital converter for sampling the input image sig- 
nal on the basis of the sampling clocks generated from 
the clock generation circuit; detection means for com- 

5 paring image data outputted from the analog-to-digital 
converter with a predetermined threshold value, to 
detect a horizontal image start position and a horizontal 
image end position for -each horizontal period; calcula- 
tion means for calculating, on the basis of a horizontal 

to image start position nearest to the position, where the 
horizontal period starts, specified by the horizontal syn- 
chronizing signal out of horizontal image start positions 
detected for each field and a horizontal image end posi- 
tion farthest from the position, where the horizontal 

75 period starts, specified by the horizontal synchronizing 
signal out of horizontal image end positions detected for 
each field, the number of sampling clocks correspond- 
ing to the distance from the horizontal image start posi- 
tion and the horizontal image end position of the input 

20 image signal for the field; comparison means for com- 
paring the number of sampling clocks -calculated by the 
calculation means with a previously set value; and con- 
trot means for controlling the frequency of the sampling 
clocks outputted from the clock generation circuit on the 

25 basis of the results of the comparison in the comparison 
means. 

[0014] An example the clock generation circuit is one 
comprising a voltage control oscillator for outputting the 
sampling clocks, a frequency divider for dividing the fre- 

ao quency of the sampling clocks outputted from the volt- 
age control oscillator, phase detection means, to which 
an output signal from the frequency divider and the hor- 
izontal synchronizing signal of the input image signal 
are inputted, for outputting a detection signal corre- 

35 sponding to the phase difference between both the 
inputted signals, and filter means for integrating the 
detection signal outputted from the phase detection 
means, to output the integrated detection signal to the 
voltage control oscillator. In this case, the frequency 

40 division ratio of the frequency divider is-controlled by the 
control means. 

[0015] An example of the comparison means is one 
for comparing the number of sampling -clocks calculated 
by the calculation means with the number of horizontal 

45 effective dots, previously set, of the input image signal 
and a number larger by one than the number of horizon- 
tal effective dots, to output a first judgment signal 
dependent on whether the number of sampling clocks 
calculated by the calculation means coincides with 

so either the number of horizontal effective dots of the input 
image signal or the number larger by one than the 
number of horizontal effective dots, and a second judg- 
ment signal dependent on whether the number of sam- 
pling clocks calculated by the calculation means is 

55 smaller than the number of horizontal effective dots of 
the input image signal or the number larger -by one than 
the number of horizontal effective dots. 
[0016] An example of the control means is an up- 
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down counter respectively receiving a vertical synchro- 
nizing signal of the input image signal as a clock, the 
first judgment signal from the comparison means as an 
enable signal, and the second judgment signal from the 
comparison means as an up-down control signal, and 
having a predetermined default value preset therein. 
[001 7] The up-down counter inhibits a clock counting 
operation when the first judgment signal indicates that 
the number of sampling clocks calculated by the calcu- 
lation means coincides with either the number of hori- 
zontal effective dots of the input image signal or the 
number larger by one than the number of horizontal 
effective dots, while performing an up-counting opera- 
tion every time the vertical synchronizing signal is input- 
ted when the second judgment signal indicates that the 
number of sampling clocks calculated by the calculation 
means is smaller than the number of horizontal effective 
dots of the input image signal, and performing a down- 
counting operation every time the vertical synchronizing 
signal is in putted when the number of sampling clocks 
calculated by the calculation means is larger than the 
number which is larger by one than the number of hori- 
zontal effective dots of the input image signal. The fre- 
quency of the sampling clocks outputted from the clock 
generation circuit is controlled on the basis of a count 
value of the up-down counter. 

[0018] The foregoing and other objects, features, 
aspects and advantages of the present invention will 
become more apparent from the following detailed 
description of the present invention when taken in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

Fig r 1 is a block diagram showing the overall config- 
uration of a liquid crystal display device; 
Fig. 2 is a block diagram showing the configuration 
of a sampling clock control circuit according to a 
first embodiment; 

Fig. 3 is a timing chart showing that the difference 
between a horizontal image start count value and a 
horizontal image end count value may be "1024" or 
"1025" depending on the phase of sampling clocks 
using a horizontal synchronizing signal as a basis 
even if the frequency of the sampling clocks is suit- 
able; 

Fig. 4 is a block diagram showing the configuration 
of a sampling clock control circuit according to a 
second embodiment; 

Fig. 5 is a timing chart showing the operation of a 
maximum hold unit; 

Fig. 6 is a timing chart showing an XGA image sig- 
nal; and 

Fig. 7 is a timing chart showing another XGA image 
signal which differs in the total of horizontal dots 
from the XGA image signal shown in Fig. 6. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0020] Referring now to the drawings, description is 
s made of embodiment in a case where the present 
invention is applied to a liquid crystal display device. 

[1] Description of First Embodiment 

w [0021] Fig. 1 illustrates the overall configuration of a 
liquid crystal display device. 

[0022] The levels of XGA image signals R, G, and B 
fed from a computer are respectively adjusted so as to 
conform to the input conditions of analog-to-digital (A/D) 

15 converters 2R, 2G, and 2B in the succeeding stage by 
level adjustment units 1R, 1G. and 1B. The image sig- 
nals R, G, and B whose levels have been adjusted are 
respectively converted into digital image data R, G, and 
B by the A/D converters 2R, 2G, and 2B, and the digital 

20 image signal R, G, and B are respectively fed to 
number-of-scan lines conversion circuits 3R, 3G, and 
3B. 

[0023] In the number-of-scan lines conversion circuits 
3R, 3G, and 3B, the respective scan lines of the image 

25 signals R, G, and B are converted so as to be adaptable 
to liquid crystal panels 7R, 7G, and 7B. Outputs of the 
number-of-scan lines conversion circuits 3R, 3G, and 
3B are respectively converted into analog image signals 
R, G, and B by digital-to-analog (D/A) converters 4R, 

30 4G, and 4B. 

[0024] The image signals R, G, and B outputted from 
the D/A converters 4R, 4G, and 4B are respectively fed 
to the liquid crystal panels 7R, 7G, and 7B through a 
chrominance signal driver 5 and sample-and-hold cir- 

35 cuits 6R, 6G, and 6B. 

[0025] A timing signal is fed from a timing controller 20 
to the number-of-scan lines conversion circuits 3R, 3G, 
and 3B, the chrominance signal driver 5, the sample- 
and-hold circuits 6R, 6G, and 6B, and the liquid crystal 

40 panels 7R, 7G, and 7B. Sampling clocks sent to the A/D 
converters 2R, 2G, and 2B and the D/A converters 4R, 
4G, and 4B are generated by a sampling clock control 
circuit 30. The timing controller 20 and the sampling 
clock control circuit 30 are controlled by a CPU 10. 

45 [0026] Two types of XGA image signals shown in Figs. 
6 and 7 are taken as examples, to describe the principle 
of the operation of the sampling clock control circuit 30. 
[0027] The difference between a value obtained by 
counting sampling clocks from the position where a hor- 
se izontal synchronizing signal is outputted to a horizontal 
image start position HS (hereinafter referred to as a hor- 
izontal image start count value) and a value obtained by 
counting sampling clocks from the position where the 
horizontal synchronizing signal is outputted to a hori- 

55 zontal image end position HE (hereinafter referred to as 
a horizontal image end count value) is measured. 
[0028] When the difference between the horizontal 
image start count value and the horizontal image end 
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count value is larger than "1024", it is considered that 
the frequency of the sampling clocks is higher than a 
suitable frequency, to carry out such control as to 
decrease the frequency of the sampling clocks. 
[0029] Contrary to this, when the difference between s 
the horizontal image start count value and the horizon- 
tal image end count value is smaller than "1024", it is 
considered that the frequency of the sampling clocks is 
lower than the suitable frequency, to carry out such con- 
trol as to increase the frequency of the sampling clocks. io 
[0030] The waveform of the analog image signal 
before sampling (A/D conversion) is dull, for example, 
the difference between the horizontal image start count 
value and the horizontal image end count value is liable 
to be slightly larger than an actual number of dots is 
"1024". Therefore, it is considered that even if the fre- 
quency of the sampling clocks is suitable, the difference 
between the horizontal image start count value and the 
horizontal image end count value may be "1024" or 
"1025" depending on the phase of the sampling clocks 20 
using the horizontal synchronizing signal as a basis, as 
shown in Fig. 3. 

[0031] In the present invention, it is considered that 
the frequency of the sampling clocks is suitable when 
the difference between the horizontal image start count 25 
value and the horizontal image end count value is 
"1024" or "1025". In a case where the difference 
between the horizontal image start count value and the 
horizontal image end count value is "1025", when the 
phase of the sampling clocks is changed, however, the 30 
difference between the horizontal image start count 
value and the horizontal image end count value may be 
"1026". Therefore, fine adjustment is made such that 
the difference between the horizontal image start count 
value and the horizontal image end count value is 35 
"1024" or "1025" irrespective of the phase of the sam- 
pling clocks. The fine adjustment is made by delaying 
the phase of the sampling clocks by a value correspond- 
ing to at least one sampling clock in several nano units 
after the difference between the horizontal image start *o 
count value and the horizontal image end count value is 
"1024" or "1025. 

[0032] Fig. 2 illustrates the configuration of a sampling 
clock control circuit 30. 

[0033] The sampling cock control circuit 30 detects 45 
the total of horizontal dots of such an XGA image signal 
that the entire screen is white (an image signal having a 
high luminance) fed from a personal computer on the 
basis of a test signal composed of the XGA image sig- 
nal, to control the frequency of sampling clocks. so 
[0034] The sampling clock control circuit 30 is consti- 
tuted by a PLL (Phase-Locked Loop) circuit 40 for out- 
putting sampling clocks on the basis of a horizontal 
synchronizing signal of an input image signal, a total-of- 
horizontal dots detection circuit 50 for controlling the f re- ss 
quency of the sampling clocks outputted from the PLL 
circuit 40, and a phase control circuit 60 for controlling 
the phase of the sampling clocks outputted from the 



PLL circuit 40. 

[0035] The phase control circuit 60 comprises a delay 
circuit 61 to which a horizontal synchronizing signal of 
an input image signal is inputted and a delay data gen- 
eration unit 62 for controlling the delay circuit 61. 
[0036] The PLL circuit 40 comprises a phase detec- 
tion unit 41, an LPF (Low Pass Filter) 42, a VCO (Volt- 
age Control Oscillator) 43, and a frequency divider 44, 
as is well known. The horizontal synchronizing signal 
fed through the delay circuit 61 and an output of the fre- 
quency divider 44 are inputted to the phase detection 
unit 41 . An output of the phase detection unit 41 is input- 
ted to the LPF 42. An output of the LPF 42 is inputted to 
the VCO 43. Sampling clocks outputted from the VCO 
43 and data representing a frequency division ratio from 
the total-of-horizontal dots detection circuit 50 (the total- 
of-horizontal dots detection data) are inputted to the fre- 
quency divider 44. 

[0037] The total-of-horizontal dots detection circuit 50 
comprises a horizontal image start/end detection circuit 

51, an H counter 52, a subtracter 53, a comparator 54, 
and an up-down counter 55. 

[0038] The horizontal image start/end detection circuit 
51 detects a horizontal image start position HS (see 
Figs. 6 and 7) and a horizontal image end position HE 
(see Figs. 6 and 7) on the basis of the data outputted 
from the A/D converters 2R, 2G ( and 2B. Specifically, 
the horizontal image start/end detection circuit 51 out- 
puts a horizontal image start signal composed of a 
pulse signal corresponding to one sampling clock when 
the inputted image data R. G and B are larger than a 
predetermined threshold value. The horizontal image 
start/end detection circuit 51 outputs a horizontal image 
end signal composed of a pulse signal corresponding to 
one sampling clock when the inputted image data R, G, 
and B are smaller than the predetermined threshold 
value. 

[0039] When a large value is set as the threshold 
value, data having a low luminance cannot be read. 
When a small value is set as the threshold value, noises 
may be read as data. Therefore, such a small value as 
to be slightly larger than the value of the noises is set as 
the threshold value. 

[0040] The horizontal image start signal and the hori- 
zontal image end signal from the horizontal image 
start/end detection circuit 51 are fed to the H counter 

52. The H counter 52 takes the timing at which the hor- 
izontal synchronizing signal outputted from the delay 
circuit 61 is outputted as a reference time point, to count 
sampling clocks outputted from the reference time point 
to the time when the horizontal image start signal is out- 
putted, and sends a value obtained by the counting 
(hereinafter referred to as a horizontal image starteount 
value) to the subtracter 53. The H counter 52 counts 
sampling clocks outputted from the reference time point 
to the time when the horizontal image «nd signal is out- 
putted, and sends a value obtained by the counting 
(hereinafter referred to as a horizontal image end«oount 



5 



BNSDOCID: <EP 0953 963 A 1 I > 



9 



EP0 953 963 A1 



10 



value) to the subtracter 53. 

[0041] The subtracter 53 subtracts the horizontal 
image start count value from the horizontal image end 
count value. The results of the subtraction are sent to 
the comparator 54. The comparator 54 judges whether 
the number of horizontal effective dots of the XGA 
image signal coincides with "1024" or "1025" which is 
larger by one than "1024", is smaller than "1024", or is 
larger than "1025". 

[0042] The comparator 54 brings a first judgment sig- 
nal into an L level when the results of the subtraction 
coincide with either "1024" or "1025", while bringing the 
first judgment signal into an H level when the results of 
the subtraction coincide with neither "1024" nor "1025". 
[0043] The comparator 54 brings a second judgment 
signal into an L level when the results of the subtraction 
are larger than "1025", while bringing the second judg- 
ment signal into an H level when the results of the sub- 
traction are smaller than "1 024". 
[0044] The first judgment signal is inputted to an ena- 
ble signal input terminal of the up-down counter 55. The 
second judgment signal is inputted to an up-down input 
terminal of the up-down counter 55. Further, a vertical 
synchronizing signal of the input image signal is input- 
ted to a dock input terminal of the up-down counter 55. 
[0045] The up-down counter 55 does not perform a 
counting operation even if the vertical synchronizing sig- 
nal is inputted to the clock input terminal when the first 
judgment signal is at an L level (the results of the sub- 
traction coincide with "1024" or "1025"). 
[0046] The up-down counter 55 performs a down- 
counting operation every time the vertical synchronizing 
signal is inputted to the clock input terminal when the 
first judgment signal is at an H level and the second 
judgment signal is at an L level (the results of the sub- 
traction are larger than "1025"). 

[0047] The up-down counter 55 performs an up-count- 
ing operation every time the vertical synchronizing sig- 
nal is inputted to the clock input terminal when the first 
judgment signal is at an H level and the second judg- 
ment signal is at an H level (the results of the subtrac- 
tion are smaller than "1024") . 

[0048] A count value of the up-down counter 55 is 
inputted to the frequency divider 44 as data represent- 
ing a frequency division ratio (total -of- horizontal dots 
detection data). A default value of the data representing 
a frequency division ratio is set in the up-down counter 
55 at the time of initialization. A value close to a general 
total of horizontal dots of the XGA image signal is set as 
the default value. 

[0049] When the vertical synchronizing signal is input- 
ted to the up-down counter 55 in a case where the sec- 
ond judgment signal is at an L level (the results of the 
subtraction in the subtracter 53 are larger than "1025"), 
the count value of the up-down counter 55 decreases by 
one, so that the frequency division ratio of the frequency 
divider 44 also decreases by one. As a result, the fre- 
quency of the sampling blocks outputted from the VCO 



43 decreases. 

[0050] Contrary to this, when the vertical synchroniz- 
ing signal is inputted to the up-down counter 55 in a 
case where the second judgment signal is at an H level 

5 (the results of the subtraction in the subtracter 53 are 
smaller than "1024"), the count value of the up-down 
counter 55 increases by one. so that the frequency divi- 
sion ratio of the frequency divider 44 also increases by 
one. As a result, the frequency of the sampling clocks 

io outputted from the VCO 43 increases. 

[0051] When the results of the subtraction in the sub- 
tractor 53 coincide with "1024" or "1025", the first judg- 
ment signal is brought into an L level, so that the count 
value of the up-down counter 55 does not change. The 

75 first judgment signal is also fed to the delay data gener- 
ation unit 62. The delay data generation unit 62 controls 
the delay circuit 61 so as to delay the horizontal syn- 
chronizing signal in several nano units every time the 
vertical synchronizing signal is inputted in order to make 

20 fine adjustment, as described later, when the first judg- 
ment signal enters an L level. 

[0052] When the total of delay values becomes a pre- 
determined value which is not less than a value corre- 
sponding to one sampling clock, the delay data 

25 generation unit 62 stops delay control, and sends an 
instruction to terminate detection of the total of dots 
(hereinafter referred to as a total dot detection termina- 
tion instruction) to the up-down counter 55. The up- 
down counter 55 forcedly brings, when the total dot 

30 detection termination instruction is inputted, an enable 
signal into an L level at that time point, not to change the 
count value. 

[0053] The reason why the delay control is thus car- 
ried out after the results of the subtraction in the sub- 

35 tractor 53 coincides with "1024" or "1025" is as follows. 
The waveform of the analog image signal before sam- 
pling (A/D conversion) is dull, for example, as described 
above, so that the difference between the horizontal 
image start count value and the horizontal image end 

40 count value is liable to be slightly larger than an actual 
number of dots "1024". 

[0054] Therefore, it is considered that even if the fre- 
quency of the sampling clocks is correct, the difference 
between the horizontal image start count value and the 
45 horizontal image end count value may be "1024" or 
"1025" depending on the phase of the sampling clocks 
using the horizontal synchronizing signal as a basis, as 
shown in Fig. 3. 

[0055] Therefore, it is considered that the frequency of 
so the sampling clocks is suitable when the difference 
between the horizontal image start count value and the 
horizontal image end count value is "1024" or "1025". 
When the phase of the sampling clocks is changed in a 
case where the difference between the horizontal image 
55 start count value and the horizontal image end count 
value is judged to be "1025", however, the difference 
between the horizontal image start count value and the 
horizontal image end count value may be "1026". 
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{0056] After the difference between the horizontal 
image start count value and the horizontal image end 
count value is judged to be "1024" or "1025", the phase 
of the sampling clocks is changed in a predetermined 
range. When the difference between the horizontal 
image start count value and the horizontal image end 
count value is "1026", fine adjustment is made such that 
the frequency of the sampling clocks decreases. 

{2] Second Embodiment 

[0057] Also in the second embodiment, the entire con- 
figuration of a liquid crystal display device is the same 
as that shown in Fig. 1. In the second embodiment, a 
sampling clock control circuit differs from that in the first 
embodiment. 

[0058] In Figs. 6 and 7, a horizontal image start posi- 
tion HS and a horizontal image end position HE of an 
XGA image signal are detected on the basis of the level 
of the image signal. Although in the first embodiment, 
the horizontal image start position HS and the horizon- 
tal image end position HE can be accurately detected 
when effective data exist in all dots within an image 
effective period in a horizontal period, therefore, the hor- 
izontal image start position HS and the horizontal image 
end position HE cannot be accurately detected when no 
effective data exist in all the dots within the image effec- 
tive period. 

[0059] In the second embodiment, a horizontal image 
start position and a horizontal image end position are 
detected for each horizontal period within one vertical 
period, a horizontal image start position nearest to the 
position, where the horizontal period starts, specified by 
a horizontal synchronizing signal out of horizontal 
image start positions detected in one field is determined 
as the final horizontal image start position, and a hori- 
zontal image end position farthest from the position, 
where the horizontal period starts, specified by the hor- 
izontal synchronizing signal out of horizontal image end 
positions detected in one field is determined as the final 
horizontal image end position. 

[0060] Fig. 4 illustrates the configuration of a sampling 
clock control circuit 30 in the second embodiment. 
[0061] The sampling cock control circuit 30 detects 
the total of horizontal dots of such an XGA image signal 
that the entire screen is white (an image signal having a 
high luminance) fed from a personal computer on the 
basis of a test signal composed of the XGA image sig- 
nal, to control the frequency of sampling clocks. 
[0062] The sampling clock control circuit 30 is consti- 
tuted by a PLL circuit 140 for outputting sampling clocks 
on the basis of a horizontal synchronizing signal of an 
input image signal, a total-of -horizontal dots detection 
circuit 150 for controlling the frequency of the sampling 
clocks outputted from the PLL circuit 140, and a phase 
control circuit 160 for controlling the phase of the sam- 
pling clocks outputted from the PLL circuit 140. 
[0063] The phase control circuit 150 comprises a 



delay circuit 161 to which a horizontal synchronizing 
signal of an input image signal is inputted and a delay 
data generation unit 162 for controlling the delay circuit 
161. 

5 [0064] The PLL circuit 140 comprises a phase detec- 
tion unit 141 , an LPF 142, a VCO 143, and a frequency 
divider 144, as is well known. The horizontal synchro- 
nizing signal fed through the delay circuit 161 and an 
output of the frequency divider 144 are inputted to the 

io phase detection unit 1 41 . An output of the phase detec- 
tion unit 141 is inputted to the LPF 142. An output of the 
LPF 142 is inputted to the VCO 143. Sampling clocks 
outputted from the VCO 143 and data representing a 
frequency division ratio from the total -of- horizontal dots 

is detection circuit 150 (total-of-horizontal dots detection 
data) are inputted to the frequency divider 1 44. 
[0065] The total-of-horizontal dots detection circuit 

150 comprises a horizontal image start/end detection 
circuit 151, an H counter 152, a subtractor 153, a com- 

20 parator 154, an up-down counter 155, and a maximum 
hold unit 156. 

[0066] The horizontal image start/end detection circuit 

151 detects a horizontal image start position HS (see 
Figs. 6 and 7) and a horizontal image end position HE 

25 (see Figs. 6 and 7) for each horizontal period on the 
basis of data outputted from A/D converters -2R, 2G, 
and 2B, and outputs a first horizontal image start signal 
and a first horizontal image end signal. 
[0067] Specifically, the horizontal image start/end 

30 detection circuit 151 outputs a first horizontal image 
start signal composed of a pulse signal corresponding 
to one sampling clock when inputted image data R,t3, 
and B are larger than a predetermined threshold value. 
The horizontal image start/end detection circuit 151 out- 

35 puts a first horizontal image end signal composed of a 
pulse signal corresponding to one sampling clock when 
the inputted image data R, G, and B are smaller than 
the predetermined threshold value. 
[0068] When a large value is -set as the threshold 

40 value, data having a low luminance cannot be read. 
When a small value is set as the threshold value, noises 
may be read as data. Therefore, such a small value as 
to be slightly larger than the value of the noises is set as 
the threshold value. 

45 [0069] The H counter 152 counts sampling clocks 
inputted to the H counter 152. The H counter 152 is 
reset every time the horizontal synchronizing signal of 
the input image signal is inputted through the delay cir- 
cuit 161. Consequently, the H counter 152 counts sam- 

so pling clocks outputted from the timing at which the 
horizontal synchronizing signal outputted from the delay 
circuit 161 is outputted for each horizontal period. A 
count value of the H counter 1 52 is sent to the maximum 
hold unit 1 56. 

55 [0070] The H counter 1 52 holds, when a second hori- 
zontal image start signal is fed from the maximum hold 
unit 156, a count value at that time as a second image 
start count value, and outputs the -count value. The H 
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counter 152 holds, when a second horizontal image end 
signal is fed from the maximum hold unit 1 56, a count 
value at that time as a second image end count value, 
and outputs the count value. 

{0071] The second image start count value and the 
second image end count value which are outputted from 
the H counter 152 are sent to the subtractor 153, and 
are also sent to the maximum hold unit 156. An initial 
value of the second image start count value is set to a 
value slightly larger than a general value (600, for exam- 
ple), and an initial value of the second image end count 
value is set to a value slightly smaller than a general 
value (700, for example). 

[0072] The first horizontal image start signal and the 
first horizontal image end signal from the horizontal 
image start/end detection circuit 151 are fed to the max- 
imum hold unit 156. The maximum hold unit 156 per- 
forms the following operations. 

[0073] Every time the first horizontal image start sig- 
nal is inputted from the horizontal image start/end 
detection circuit 151, the maximum hold unit 156 reads 
a count value of the H counter 152 (hereinafter referred 
to as a first image start count value). Only when the first 
image start count value currently read is smaller than 
the second image start count value sent from the H 
counter 152, the second horizontal image start signal is 
outputted to the H counter 152. The H counter 152 
holds, when the second horizontal image start signal is 
inputted, a count value at that time as a second image 
start count value, and outputs the count value to the 
maximum hold unit 156 and the subtractor 153. 
[0074] Every time the first horizontal image end signal 
is inputted from the horizontal image start/end detection 
circuit 151, the maximum hold unit 156 reads a count 
value of the H counter 152 (hereinafter referred to as a 
first image end count value). Only when the first image 
end count value currently read is larger than the second 
image end count value sent from the H counter 152, the 
second horizontal image end signal is outputted to the H 
counter 152. The H counter 152 holds, when the second 
horizontal image end signal is inputted, a count value at 
that time as a second image end count value, and out- 
puts the count value to the maximum hold unit 156 and 
the subtractor 153. 

[0075] The subtractor 1 53 subtracts the second image 
start count value from the second image end count 
value. The results of the subtraction are sent to the com- 
parator 154. The comparator 154 judges whether the 
results of the subtraction sent from the subtractor 153 
coincide with the number of horizontal effective dots 
"1024" of the XGA image signal or "1025" which is 
larger by one than "1024", is smaller than "1024", or is 
larger than "1025". 

[0076] The comparator 154 brings a first judgment sig- 
nal into an L level when the results of the subtraction 
coincide with either "1024" or "1025", while bringing the 
first judgment signal into an H level when the results of 
the subtraction coincide with neither "1024" nor "1025". 



[0077] The comparator 1 54 brings a second judgment 
signal into an L level when the results of the subtraction 
are larger than "1025", while bringing the second judg- 
ment signal into an H level when the results of the sub- 

5 traction are smaller than "1024". 

[0078] The first judgment signal is inputted to an ena- 
ble signal input terminal of the up-down counter 155. 
The second judgment signal is inputted to an up-down 
input terminal of the up-down counter 155. Further, a 

io vertical synchronizing signal of the input image signal is 
inputted to a clock input terminal of the up-down counter 
155. 

[0079] The up-down counter 155 does not perform a 
counting operation even if the vertical synchronizing sig- 

75 nal is inputted to a clock input terminal when the first 
judgment signal is at an L level (the results of the sub- 
traction coincide with "1024" or "1025"). 
[0080] The up-down counter 155 performs a down- 
counting operation every time the vertical synchronizing 

20 signal is inputted to the clock input terminal when the 
first judgment signal is at an H level and the second 
judgment signal is at an L level (the results of the sub- 
traction are larger than "1025"). 
[0081] The up-down counter 155 performs an up- 

25 counting operation every time the vertical synchronizing 
signal is inputted to the clock input terminal when the 
first judgment signal is at an H level and the second 
judgment signal is at an H level (the results of the sub- 
traction are smaller than "1024"). 

30 [0082] A count value of the up-down counter 155 is 
inputted to the frequency divider 1 44 as data represent- 
ing a frequency division ratio (total-of-horizontal dots 
detection data). A default value of the data representing 
a frequency division ratio is set in the up-down counter 

35 155 at the time of initialization. A value close to a gen- 
eral total of horizontal dots of the XGA image signal is 
set as the default value. 

[0083] When the vertical synchronizing signal is input- 
ted to the up-down counter 155 in a case where the sec- 

40 ond judgment signal is at an L level (the results of the 
subtraction in the subtractor 153 are larger than 
"1025"), the count value of the up-down counter 155 
decreases by one. so that the frequency division ratio of 
the frequency divider 1 44 also decreases by one. As a 

45 result, the frequency of the sampling clocks outputted 
from the VCO 143 decreases: 

[0084] Contrary to this, when the vertical synchroniz- 
ing signal is inputted to the up-down counter 155 in a 
case where the second judgment signal is at an H level 

so (the results of the subtraction in the subtractor 153 are 
smaller than "1024"), the count value of the up-down 
counter 155 increases by one, so that the frequency 
division ratio of the frequency divider 144 also increases 
by one. As a result, the frequency of the sampling clocks 

55 outputted from the VCO 1 43 increases. 

[0085] When the results of the subtraction in the sub- 
tractor 153 coincide with "1024" or "1025", the first judg- 
ment signal is brought into an L level, so that the count 
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value of the up-down counter 155 does not change. The 
first judgment signal is also fed to the delay data gener- 
ation unit 162. The delay data generation unit 162 con- 
trols the delay circuit 161 so as to delay the horizontal 
synchronizing signal in several nano units every time 
the vertical synchronizing signal is inputted in order to 
make fine adjustment, as described in the first embodi- 
ment, when the first judgment signal enters an L level. 
[0086] When the total of delay values becomes a pre- 
determined value which is not less than a value corre- 
sponding to one sampling clock, the delay data 
generation unit 162 stops delay control, and sends a 
total dot detection termination instruction to the up- 
down counter 155. The up-down counter 155 forcedly 
brings, when the total dot detection termination instruc- 
tion is inputted, an enable signal into an L level at that 
time point, not to change the count value. 
[0087] The features of the second embodiment is that 
in each field, it is possible to hold the minimum value of 
the horizontal image start count value detected for each 
horizontal period and to hold the maximum value of the 
horizontal image end count value detected for each hor- 
izontal period. 

[0088] Even if a horizontal period during which there 
is no effective image data exists in one field, therefore, 
the number of sampling clocks corresponding to an 
image effective period in the horizontal period can be 
detected. That is. if at least one horizontal period during 
which effective data exists in a horizontal image start 
position and at least one horizontal period during which 
effective data exists in a horizontal image end position 
exist in one field, the number of sampling clocks corre- 
sponding to the image effective period can be detected. 
[0089] Such features will be described in more detail 
on the basis of Fig. 5. 

[0090] It is assumed that effective data exist in the 
positions where the count value of the H counter 152 
corresponds to "300" to "350", "500" to "550" and "700" 
to "750" in an effective line 1, effective data exist in the 
positions where the count value of the H counter 152 
corresponds to "200" to "250" and "600" to "650" in an 
effective line 2, effective data exist in the positions 
where the count value of the H counter 1 52 correspond 
to "400" to "700" and "1200" to "1250" in an effective line 
3, and no effective data exist in an effective line 4. 
[0091] When a first horizontal image start signal cor- 
responding to the count value "300" in the effective line 
1 is inputted to the maximum hold unit 1 56, the current 
horizontal image start count value (a first image start 
count value) "300" is smaller than a second image start 
count value "600" held in the H counter 152, so that the 
maximum hold unit 156 outputs a second horizontal 
image start signal. Consequently, the second image 
start count value is updated from "600" to "300". 
[0092] Thereafter, even if a first horizontal image start 
signal corresponding to the count value "500" or a first 
horizontal image start signal corresponding to the count 
value "700" is inputted to the maximum hold unit 156, 



the current horizontal image start count value "500" or 
"700" is larger than the horizontal image start count 
value "300" already held, so that the second horizontal 
image start signal is not outputted from the maximum 
5 hold unit 156. Consequently, the second image start 
count value is not updated. 

[0093] When a first horizontal image start signal cor- 
responding to the count value "200" in the effective line 
2 is inputted to the maximum hold unit 156, the current 

10 horizontal image start count value (a first image start 
count value) "200" is smaller than the second image 
start count value "300" held by the H counter 152, so 
that the maximum hold unit 156 outputs a second hori- 
zontal image start signal. Consequently, the second 

is image start count value is updated from "300" to "200". 
[0094] In the effective lines 3 and 4, a first horizontal 
image start signal corresponding to a -count value 
smaller than the horizontal image start count value 
"200" is not outputted, so that a second horizontal 

20 image start signal is not outputted from the maximum 
hold unit 156. Consequently, the second image start 
count value is not updated. 

[0095] When a first horizontal image end signal corre- 
sponding to the count value "750" in the effective line 1 

25 is inputted to the maximum hold unit 156, the current 
horizontal image end count value (a first image end 
count value) "750" is larger than the second image end 
count value "700" held by the H counter 152, so that the 
maximum hold unit 156 outputs a second horizontal 

30 image end signal. Consequently the second image end 
count value is updated from "700" to "750". 
[0096] When a first horizontal image end signal corre- 
sponding to the count value "1250" in the effective line 3 
is inputted to the maximum holding unit 156, the current 

35 horizontal image end count value (a first image end 
count value) "1250" is larger than a second image end 
count value "750" held by the H counter 1 52, so that the 
maximum hold unit 156 outputs a second horizontal 
image end signal. Consequently, the second image end 

40 count value is updated from "750" to "1250". 

[0097] At the time point where the vertical synchroniz- 
ing signal is inputted upon termination of the current 
field, a value "1050" obtained by subtracting the second 
image start count value "200" from the second image 

45 end count value "1250" is outputted from the -subtracter 
153. This value "1050" is larger than a value "1025" 
which is larger by one than the number of horizontal 
effective dots "1 024" of the input image signal, -so that a 
first judgment signal at an H level is outputted from the 

so comparator 154, and a second judgment signal at an L 
level is outputted therefrom. 

[0098] When the vertical synchronizing signal is input- 
ted to the up-down counter 155, it is counted down, so 
that the count value of the up-down counter 155 is 
55 updated from a value "x" so far found to "(x - 1)". 

[0099] Although the present invention has been 
described and illustrated in detail, it is clearly under- 
stood that the same is by way of illustration and example 
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3. The display device according to claim 1 , wherein 

the calculation means comprises 
a detection circuit for respectively detecting the 
position where the horizontal image starts and 
the position where the horizontal image ends 
on the basis of the data outputted from the ana- 
log-to-digital converter, 
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only and is not to be taken by way of limitation, the spirit 
and scope of the present invention being limited only by 
the terms of the appended claims. 

Claims 

1 . A display device comprising: 

a clock generation circuit for generating sam- 
pling clocks, whose frequency is variable, on 
the basis of a horizontal synchronizing signal of 
an input image signal; 

an analog-to-digital converter for sampling the 
input image signal on the basis of the sampling 
clocks generated from the clock generation cir- 
cuit; 

calculation means for calculating the number of 
sampling clocks outputted from a horizontal 
image start position to a horizontal image end 
position in image data outputted from the ana- 
log-to-digital converter; 

comparison means for comparing the number 
of sampling clocks calculated by the calculation 
means with a previously set value; and 
control means for controlling the frequency of 
the sampling clocks outputted from the clock 
generation circuit on the basis of the results of 
the comparison in the comparison means. 



2. The display device according to claim 1 , wherein 30 



the clock generation circuit comprises 

a voltage control oscillator for outputting the 

sampling clocks; 

a frequency divider for dividing the frequency of 
the sampling clocks outputted from the voltage 
control oscillator, 

phase detection means, to which an output sig- 
nal from the frequency divider and the horizon- 
tal synchronizing signal of the input image 
signal are inputted, for outputting a detection 
signal corresponding to the phase difference 
between both the inputted signals, and 
filter means for integrating the detection signal 
outputted from the phase detection means, to 
output the integrated detection signal to the 
voltage control oscillator, 
the frequency division ratio of the frequency 
divider being controlled by the control means. 
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a counter for calculating the number of first 
sampling clocks outputted from the clock gen- 
eration circuit from the timing at which the hori- 
zontal synchronizing signal of the input image 
signal is outputted to the position, where the 
horizontal image starts, detected by the detec- 
tion circuit and the number of second sampling 
clocks outputted from the clock generation cir- 
cuit from the timing at which the horizontal syn- 
chronizing signal of the input image signal is 
outputted to the position, where the horizontal 
image ends, detected by the detection circuit, 
and 

a subtracter for subtracting the number of first 
sampling clocks from the number of second 
sampling clocks. 

4. The display device according to claim 1 , wherein 

the comparison means compares the number 
of sampling clocks calculated by the calculation 
means with the number of horizontal effective 
dots of the input image signal previously set 
and a number larger by one than the number of 
horizontal effective dots, to output a first judg- 
ment signal dependent on whether the number 
of sampling clocks calculated by the calculation 
means coincides with either the number of hor- 
izontal effective dots of the input image signal 
or the number larger by one than the number of 
horizontal effective dots or coincides with nei- 
ther of them, and output a second judgment 
signal dependent on whether the number of 
sampling clocks calculated by the calculation 
means is smaller than the number of horizontal 
effective dots of the input image signal or the 
number larger by one than the number of hori- 
zontal effective dots. 

5. The display device according to claim 4, 
wherein 

the control means is composed of an up-down 
counter respectively receiving a vertical syn- 
chronizing signal of the input image signal as a 
clock, the first judgment signal from the com- 
parison means as an enable signal, and the 
second judgment signal from the comparison 
means as an up-down control signal, and hav- 
ing a predetermined default value preset 
therein, 

the up-down counter inhibiting a clock counting 
operation when the first judgment signal indi- 
cates that the number of sampling clocks cal- 
culated by the calculation means coincides 
with either the number of horizontal effective 
dots of the input image signal or the number 
larger by one than the number of horizontal 
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effective dote, while performing an up-counting 
operation every time the vertical synchronizing 
signal is inputted when the second judgment 
signal indicates that the number of sampling 
clocks calculated by the calculation means is 5 
smaller than the number of horizontal effective 
dots of the input image signal, and performing 
a down-counting operation every time the verti- 
cal synchronizing signal is inputted when the 
second judgment signal indicates that the 10 
number of sampling clocks calculated by the 
calculation means is larger than the number 
which is larger by one than the number of hori- 
zontal effective dots of the input image signal, 
the frequency of the sampling clocks outputted 75 
from the clock generation circuit being control- 
led on the basis of a count value of the up- 
down counter. 



6. A display device comprising: 



a clock generation circuit for generating sam- 
pling clocks, whose frequency is variable, on 
the basis of a horizontal synchronizing signal of 
an input image signal; 25 
an analog-to-digital converter for sampling the 
input image signal on the basis of the sampling 
clocks generated from the clock generation cir- 
cuit; 

detection means for compari ng image data out- 30 
putted from the analog-to-digital converter with 
a predetermined threshold value, to detect a 
horizontal image start position and a horizontal 
image end position for each horizontal period; 
calculation means for calculating, on the basis 35 
of a horizontal image start position nearest to 
the position, where the horizontal period starts, 
specified by the horizontal synchronizing signal 
out of horizontal image start positions detected 
for each field and a horizontal image end posi- 40 
tion farthest from the position, where the hori- 9. 
zontal period starts, specified by the horizontal 
synchronizing signal out of horizontal image 
end positions detected for each field, the 
number of sampling clocks corresponding to 45 
the distance from the horizontal image start 
position and the horizontal image end position 
of the input image signal for the field; 
comparison means for comparing the number 
of sampling clocks calculated by the calculation so 
means with a previously set value; and 
control means for controlling the frequency of 
the sampling clocks outputted from the clock 
generation circuit on the basis of the results of 
the comparison in the comparison means. ss 

7. The display device according to claim 6, wherein 



the clock generation circuit comprises 

a voltage control oscillator for outputting the 

sampling clocks, 

a frequency divider for dividing the frequency of 
the sampling clocks outputted from the voltage 
control oscillator, 

phase detection means, to which an output sig- 
nal from the frequency divider and the horizon- 
tal synchronizing signal of the input image 
signal are inputted, for outputting a detection 
signal corresponding to the phase difference 
between both the inputted signals, and 
filter means for integrating the detection signal 
outputted from the phase detection means, to 
output the integrated detection signal to the 
voltage control oscillator, 
the frequency division ratio of the frequency 
divider being controlled by the control means. 



20 8. The display device according to claim 6, wherein 



the comparison means compares the number 
of sampling clocks calculated by the calculation 
means with the number of horizontal effective 
dots, previously set, of the input image signal 
and a number larger by one than the number of 
horizontal effective dots, to output a first judg- 
ment signal dependent on whether the number 
of sampling clocks calculated by the calculation 
means coincides with either the number of hor- 
izontal effective dots of the input image -signal 
or the number larger by one than the number of 
horizontal effective dots, and a second judg- 
ment signal dependent on whether the number 
of sampling clocks calculated by the calculation 
means is smaller than the number of horizontal 
effective dots of the input image signal or the 
number larger by one than the number of hori- 
zontal effective dots. 

The display device according to claim 8, wherein 

the control means is composed of an up-down 
counter respectively receiving a vertical syn- 
chronizing signal of the input image signal as a 
clock, the first judgment signal from the com- 
parison means as an enable -signal, and the 
second judgment signal from the comparison 
means as an up-down control signal, and hav- 
ing a predetermined default value preset 
therein. 

the up-down counter inhibiting a clock counting 
operation when the first judgment signal indi- 
cates that the number of sampling clocks cal- 
culated by the calculation means coincides 
with either the number of horizontal effective 
dots of the input image signal or the number 
larger toy one than the number of horizontal 
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effective dots, while performing an up-counting 
operation every time the vertical synchronizing 
signal is inputted when the second judgment 
signal indicates that the number of sampling 
clocks calculated by the calculation means is 5 
smaller than the number of horizontal effective 
dots of the input image signal, and performing 
a down-counting operation every time the verti- 
cal synchronizing signal is inputted when the, 
number of sampling clocks calculated by the 70 
calculation means is larger than the number 
which is larger by one than the number of hori- 
zontal effective dots of the input image signal, 
the frequency of the sampling clocks outputted 
from the clock generation circuit being control- 75 
led on the basis of a count value of the up- 
down counter. 
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